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Abstract
The phenomenology of neutrino oscillations is extended to the neutron-anti-
neutron oscillations predicted by the grand unied theories. There are ve pa-
rameters in general describing the one-avor oscillations: two real Majorana
masses (of opposite signs) and three Euler's angles. The sum of the Majorana
masses, treated as a small parity-violating parameter , induces the nuclear de-
cays (A;Z) ! (A   2; Z) and determines the oscillation rate of neutrons in
the vacuum. This parameter is constrained by the nuclear stability and from
the oscillation experiments with free neutrons. We derive new constraint to a
small parity-conserving parameter 
0
representing a combination of two Euler's
angles. This parameter gives no signicant contribution to the neutron oscilla-
tion rate in the vacuum, while contributes to the nuclear decay rate. Absence
of the vacuum neutron oscillations together with existence of the nuclear decays







of the neutron-antineutron oscillations in the grand unied theories
(GUT's) stimulated searches for the neutron-antineutron oscillations in the vacuum
and in nuclei. The existing experiments constrain
1 10
the vacuum oscillation time to
be  = 1= > 1 yr.
The phenomenology of the neutron oscillations is identical to the phenomenology of
the one-avor neutrino oscillations
11 14
. The neutron is described by a superposition
of two real Majorana elds '
k
with dierent masses 
k


























are expressible in terms of the complex neutron

















































































can be interpreted as components of two orthogonal spinors.

















. The spin-1/2 rotation matrix has the form
D
(1=2)
























the Euler's angles ; ;  are dened as in Ref.15, Ch.58. The relative phase  can be
removed with the use of the phase transformations  ! e
 i
 , so parametrization of
the mixing in terms of three Euler's angles ; ;  is the most general. In the basis of















































































































































































The sign (+) stands for k = 1. The values ;  are xed from a requirement that tg
and 
k







and therefore six independent parameters. The phase transformations  ! e
 i
 
removes one parameter, so there are ve free parameters in general.







































































The choice of signs of the 
i









, ;  and =2 .














= im(=2   + i)
(9)
The rst conclusion is that the vacuum oscillation rate to the lowest order is deter-
mined solely by the value . The neutron oscillation time in the vacuum is  = 1=.
The nuclear stability poses, however, comparable constraints to the  and 
0
, since
the nuclear decays are equally well induced by terms of the Lagrangian (8), proportional
to the values  and 
0
. There is no interference between the corresponding terms,
since they induce the opposite-parity transitions. The nuclear width can therefore be















describes the parity-conserving transitions.
The rst kind of the transitions is well known
1 10
. We give a new constraint to the  
+





Shown in Fig.1 is a typical diagram contributing the nuclear decay (A;Z)! (A 
2; Z) accompanied by emission of mesons. The parity-violating transitions dier from
the parity-conserving transitions only by form of the vertex describing the neutron-
antineutron annihilation. In the rst case the vertex is proportional to the , whereas
3




. The matrix i
5
mixes the upper and
lower bispinor components. The energy release in the nuclear decay is high (about two







the Fermi energy of nucleons, despite the decaying nucleus represents a nonrelativistic
system. It is not purpose of the present comment to develop a model for calculating














for the parity-violating nuclear width  
 
and the results for testing
the nuclear stability
10






An observation of the vacuum neutron oscillations would give an evidence for the
 6= 0. At the same time, an observation of the nuclear decays (A;Z) ! (A   2; Z)
together with zero or low vacuum oscillation rate of neutrons would give a direct
experimental evidence for the 
0
6= 0.
The author is indebted to B.V.Martemyanov and M.G.Schepkin for useful discus-
sions. This work is supported by the Russian Fund for Fundamental Researches under
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